To assess the relationship between antioxidant vitamin intake and all-cause mortality in older adults, we examined these associations using data from the Leisure World Cohort Study, a prospective study of residents of the Leisure World retirement community in Laguna Hills, California. In the early 1980s, participants (who were aged 44-101 years) completed a postal survey, which included details on use of vitamin supplements and dietary intake of foods containing vitamins A and C. Age-adjusted and multivariate-adjusted (for factors related to mortality in this cohort-smoking, alcohol intake, caffeine consumption, exercise, body mass index, and histories of hypertension, angina, heart attack, stroke, diabetes, rheumatoid arthritis, and cancer) hazard ratios for death were calculated using Cox regression for 8,640 women and 4,983 men (median age at entry, 74 years). During follow-up , 13,104 participants died (median age at death, 88 years). Neither dietary nor supplemental intake of vitamin A or vitamin C nor supplemental intake of vitamin E was significantly associated with mortality after multivariate adjustment. A compendium that summarizes previous findings of cohort studies evaluating vitamin intake and mortality is provided. Attenuation in the observed associations between mortality and antioxidant vitamin use after adjustment for confounders in our study and in previous studies suggests that such consumption identifies persons with other mortality-associated lifestyle and health risk factors.
Oxidative stress has been suggested to increase the incidence of chronic disease and mortality. The oxidativemodification hypothesis regarding atherosclerosis suggests that antioxidants may inhibit the oxidation of low-density lipoprotein cholesterol, hindering its ability to clog the coronary arteries and preventing cardiovascular disease (1, 2) . Increasing evidence suggests that oxidative stress is also involved in cerebral aging, cognitive impairment, and dementia (3, 4) . In addition, antioxidants may prevent cancer by inhibiting the formation of carcinogenic nitrosamines, protecting DNA from oxidative damage, and enhancing immune function (5) . Thus, dietary and supplemental intake of antioxidant vitamins may help reduce the incidence of cardiovascular disease, cancer, and dementia and thereby reduce mortality.
However, few studies have examined the possible protective association for dietary and supplemental intake of vitamins A, C, and E together in the same population group.
In 1981, we undertook a prospective cohort study of nearly 14,000 elderly men and women with the aim of studying factors, especially modifiable lifestyle practices, associated with longevity and successful aging. We report here the associations between antioxidant vitamin intake (dietary and supplemental) and all-cause mortality after 32 years of follow-up. residents of a California retirement community (Leisure World Laguna Hills) aged 44-101 years completed a postal health survey. The Leisure World population and the cohort are predominantly Caucasian, well-educated, and upper middleclass. The baseline health survey asked for information about demographic factors (birth date, sex, marital status, number of children, height, weight); medical history (high blood pressure, angina, heart attack, stroke, diabetes, rheumatoid arthritis, fractures after age 40 years, cancer, gallbladder surgery, glaucoma, cataract surgery); medication use (hypertensive medication, digitalis, nonprescription pain medication); personal habits (cigarette smoking, exercise, alcohol drinking); beverage intake (coffee, tea, milk, carbonated soda); use of vitamin supplements; and usual frequencies of consumption of foods that are common sources of dietary vitamins A and C.
Estimation of vitamin intake
Information on the brand, formulation, and intake frequency of any vitamin supplements containing vitamin A, C, or E was obtained. Participants were asked, "Are you currently taking any vitamin supplements (include cod liver oil)?" and "You will need to get the vitamin bottle(s) or container(s) to complete the next group of questions. First, please list the brand name of each vitamin you are currently taking and indicate the number of times per week you take this vitamin. Second, please check the ingredient section of the label of each type of vitamin. We would like to know the vitamin A, vitamin C, and vitamin E content of each type of vitamin. For vitamin A, this is probably listed in International Units (IU), for vitamin C in milligrams (mg), and for vitamin E in milligrams (mg) or International Units (IU)." From this information we calculated the daily dosage of each of these vitamins. This information on vitamin supplement use was also obtained on a follow-up questionnaire administered in 1985.
The food frequency portion of the questionnaire, designed to estimate intakes of vitamins A and C, asked about the participant's usual consumption of 56 foods or food groups (6, 7) within the last 12 months. Frequency of consumption was a multiple-choice item with the following choices: rarely or never, a few times per year, about monthly, a few times per month, a few times per week, and daily or almost daily. These responses were converted to 0, 0.01, 0.03, 0.10, 0.50, and 1.0 times per day, respectively. Seasonal use was taken into account based on the number of months in which fresh fruits and vegetables were available in the marketplace. For example, for a vegetable that is in season 6 months a year and is consumed a few times per week when in season, intake data were converted to a frequency of 0.25 times daily. On the basis of the US Department of Agriculture tables of food values (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) for the standard portion size of each item (8), we estimated average daily dietary intakes of vitamins A and C by summing the products of the nutrient content of each food item and the frequency with which it was eaten.
Dietary and supplemental intakes were summed to obtain total intakes of vitamins A and C. Vitamin A from diet and supplements included β-carotene. Participants were classified into thirds based on tertile values for dietary and total vitamin intakes for men and women in the total cohort.
Determination of outcome
The vital status of cohort members was determined through periodic contact and resurvey, searches of death indexes, and death certificates. Participants were followed until death or December 31, 2013, whichever came first. To date, 35 cohort members have been lost to follow-up. Previous reports present details of data collection (7, (9) (10) (11) .
Statistical analysis
Hazard ratios for the association between vitamin intake and mortality were calculated separately for men and women, using Cox regression analysis (12) with age as the time scale. Participants contributed person-years from their age at the baseline survey (delayed entry) to their age at death or December 31, 2013, whichever occurred first. To control for potential confounders, we performed analysis adjusting for factors previously found to be related to mortality in this cohort: smoking (never, past, or current smoking), alcohol intake (0, ≤1, 2-3, or ≥4 drinks/day), caffeine intake (<50, 50-99, 100-199, 200-399, or ≥400 mg/day), exercise (0, ¼, ½, ¾-1¾, or ≥2 hours/day), body mass index (weight (kg)/height (m) 2 ; underweight, normal-weight, overweight, or obese), and histories of hypertension, angina, heart attack, stroke, diabetes, rheumatoid arthritis, and cancer. To account for the possibility that recent disease development may have altered intakes of the vitamins under study as well as be related to mortality, we repeated the analyses after excluding the first 5 years of follow-up. We also repeated the analysis using only the first 15 years of follow-up. Additionally, we compared hazard ratios for persistent supplement users (users at both baseline and follow-up) with hazard ratios for persons who did not report supplement use at either baseline or follow-up. Statistical analyses were performed using SAS, version 9.2 (SAS Institute Inc., Cary, North Carolina). All tests were 2-sided, and no adjustment of the P values was made for multiple comparisons.
This study was approved by the institutional review boards of the University of Southern California (Los Angeles, California) and the University of California, Irvine (Irvine, California).
Compendium of previous studies
For comparison purposes, we compiled a compendium of previous prospective cohort studies that evaluated vitamin intake and mortality. A search of the literature (PubMed) was supplemented by review of references in identified papers. Details on numbers of subjects and deaths, ages of participants, study dates, vitamins studied, risk estimates and 95% confidence intervals, and adjustment variables were abstracted. Results are presented in Web Table 1 (available at http://aje. oxfordjournals.org/).
RESULTS
After exclusion of 237 women and 118 men with missing information on the variables of interest or potentially confounding variables, data on 13,623 participants (8,640 women and 4,983 men) were analyzed. At study entry, the participants ranged in age from 44 years to 101 years (median age, 74 years). By December 31, 2013, a total of 13,104 participants (96%) had died at ages 59-110 years (median age at death, 88 years). Table 1 presents selected characteristics of the participants by sex. Men were, on average, older than women at study entry (74 years vs. 73 years), and a greater proportion had died by the end of follow-up (98% vs. 95%). Men also had, on average, a greater body mass index, exercised more, and consumed more alcohol and caffeine than women, but smaller proportions currently smoked and took vitamin supplements. Sixty-six percent of participants took vitamin supplements at baseline: 44% took vitamin A, 62% took vitamin C, and 52% took vitamin E.
Hazard ratios for mortality according to vitamin intake are shown in Table 2 for men and in Table 3 for women. Medium and high intakes of dietary vitamins A and C and total vitamin A in women were significantly associated with decreased mortality. However, the mortality reductions were attenuated and no longer significant after adjustment for potential confounders, although the confounding factors remained significantly related to mortality. Similar results were found in the analysis of men and women combined using sex-specific cutpoints for the vitamins.
The hazard ratios for vitamin intake changed little within smoking or body mass index categories. For total vitamin C intake among men, hazard ratios for smoking categories were 1.00 (reference) for low intake/never smoker, 0.98 for medium intake/never smoker, 1.01 for high intake/never smoker, 1.21 for low intake/past smoker, 1.20 for medium intake/past smoker, 1.20 for high intake/past smoker, 1.96 for low intake/current smoker, 2.20 for medium intake/current smoker, and 1.90 for high intake/current smoker. The same pattern was observed for total vitamin A in men and total vitamins C and A in women. Likewise, within body mass index categories, the hazard ratios for vitamin intake were similar.
Exclusion of the first 5 years of follow-up (including 852 deaths in men and 1,007 deaths in women) did not substantially change the findings. Neither did limiting the analysis to the first 15 years of follow-up. Additionally, risk of death was not different in persistent supplement users (those who reported taking supplements at both baseline and the 1985 follow-up) and persons who did not take supplements at either baseline or follow-up. 
DISCUSSION
In this study, we found that the modestly decreased risks of death associated with antioxidant intake (dietary and supplemental) were attenuated and no longer significant after adjustment for potential confounders. Vitamin consumption might be indicative of groups of people with different lifestyles and different disease states that are also related to mortality. Although differences between users and nonusers of vitamin supplements in this study were not great, vitamin supplement users had lower (though not statistically significant) prevalences of several diseases, especially high blood pressure, heart attack, stroke, and diabetes. Still, some persons may have taken supplements because of their underlying diseases. However, we found that exclusion of the first 5 years of follow-up did not appreciably change the vitaminmortality associations. The associations found after adjustment for lifestyle factors and disease status are more accurate from the perspective of a causal relationship.
Another explanation for the lack of association between vitamin intake and mortality may be that our cohort members were well fed. The median intake of vitamin A from food sources was 17,206 IU. More than 95% of participants received the 1980 Recommended Dietary Allowance specified by the National Research Council (13) for vitamin A (5,000 IU for males; 4,000 IU for females) from food sources alone. Therefore, most cohort members, even in the lowest third, did not have a low absolute nutrient intake. Dietary vitamin intake was generally more than adequate to meet participants' minimum dietary requirements, but it provided the opportunity to examine the impact of high levels of nutrients. Nonetheless, we cannot rule out the possibility of an association with high vitamin intake as compared with low absolute intake.
Previous studies of vitamins and mortality
As shown in Web Table 1 , some large, prospective cohort studies have found significantly lower mortality with vitamin intake (supplemental C (14) , supplemental E (14) , supplemental E/C (15), supplemental A, C, or E in women (16) , supplemental antioxidants (17), dietary C (18, 19) , dietary A or β-carotene (18, 19) , and total C (20)). However, most studies have not (supplemental A or β-carotene (21-23), supplemental C (21-24), supplemental E (21-27), multivitamins or multivitamins/minerals (14, 15-17, 22, 24, 25, 28-30) , regular supplement use (31), dietary vitamin A or β-carotene (20, 23, 32, 33) , dietary C (23, 32, 33) , dietary E (19, 23, 32, 33) , total C (34), and total E (20)). Many of these studies, which were carried out in diverse populations (United States, United Kingdom, Europe, Sweden, Japan), in both men and women, and in both younger and older adults, included adjustment for various potential confounders. Generally such adjustment attenuated the risks of all-cause mortality observed with only age and sex adjustment. These studies and ours suggest that confounders or chance might account for the positive associations between vitamin intake and decreased mortality observed in some previous prospective studies.
Although many cohort studies did not find a reduced risk of death in vitamin supplement users, the continued use of vitamin supplements by a large proportion of the population and the presumed safety of antioxidant supplementation prompted the study of antioxidant vitamins in randomized clinical trials. Generally, these studies too have shown no beneficial association of vitamins with mortality at various doses (35) (36) (37) (38) . Several recent meta-analyses of these randomized trials even suggested a small but significant increase in mortality with antioxidant vitamins in general (risk ratio (RR) = 1.03, 95% confidence interval (CI): 1.01, 1.05 (38) ) and specifically with β-carotene (RR = 1.07, 95% CI: 1.04, 1.11 (35) and RR = 1.05, 95% CI: 1.01, 1.09 (38) ) and vitamin E (RR = 1.04, 95% CI: 1.00, 1.05 (38) and RR = 1.04, 95% CI: 1.01, 1.07 (36)).
Strengths and limitations
Our data on vitamin intake were self-reported using a mailed questionnaire. Conclusions regarding dietary vitamin intakes are limited by the crudeness with which intake was estimated-self-reported frequencies of consumption of selected food items which were translated into nutrient intakes by reference to US Department of Agriculture food consumption tables. Difficulties with these methods have been enumerated (39, 40) . Although assessing the true level of intake is difficult, self-reported consumption is suitable for ranking of individuals.
To validate the information on vitamin supplement use in this study, we previously compared data collected on our mail questionnaire with data collected by personal interview 15 months later (6) . Current supplement use as ascertained by the 2 methods was comparable, with 84% agreement. However, changes over time in vitamin intake may have affected our outcomes. Previous analyses in our cohort compared use of vitamin A supplements 2 and 4 years after baseline with baseline use (41) . When vitamin A supplement use was divided into 3 groups (none, low, and high), the agreement between baseline and the 2 later time periods was 72% and 63%, respectively, with κ statistics of 0.53 and 0.38, indicating moderate-to-good agreement. Similar comparisons for dietary β-carotene consumption divided into thirds (low, medium, high) yielded lower κ statistics (0. 25 and 0.27) . Disagreement between the questionnaires represents a combination of real changes in vitamin use and dietary habits, lack of precision in the questions, and nonreliability of the responses to specific questions. Although self-reported supplement use was somewhat consistent over time, our data demonstrate that misclassification in food frequency questionnaires represents a substantial problem in trying to detect small differences in risk due to nutrient intake.
Vitamin A comprises a group of fat-soluble compounds that includes preformed vitamin A (retinol and retinyl esters) and provitamin A carotenoids (including β-carotene) (42) . Preformed vitamin A is found in foods from animal sources (including dairy products, liver, and fish) and from fortified cereals. Provitamin A comes from plants, especially leafy green and orange/yellow vegetables and fruits. To account for the different bioactivities of retinol and provitamin A carotenoids, amounts of vitamin A are expressed in micrograms of retinol activity equivalents (RAE). Because the body converts all dietary sources of vitamin A into retinol, 1 µg of physiologically available retinol is equivalent to 1 µg of retinol, 12 µg of β-carotene, and 24 µg of α-carotene or β-cryptoxanthin. From supplements, the body converts 2 µg of β-carotene to 1 µg of retinol. Our study collected vitamin A data in the form of IU, the standard measure in the 1980s. Today vitamin A is still listed in IU on food and supplement labels, even though nutrition scientists prefer RAE. Rates for conversion between µg RAE and IU are: 1 IU retinol = 0.3 µg RAE, 1 IU β-carotene from supplements = 0.15 µg RAE, 1 IU β-carotene from food = 0.05 µg RAE, and 1 IU α-carotene or β-cryptoxanthin = 0.025 µg RAE.
Another limitation was our lack of dietary vitamin E data. Vitamin E comprises a group of fat-soluble compounds that include both tocopherols and tocotrienols (43) . Numerous foods provide vitamin E. Nuts, seeds, and vegetable oils are the best sources of α-tocopherol, and significant amounts are available in green leafy vegetables and fortified cereals. Most vitamin E in the US diet is in the form of γ-tocopherol from soybean oil, canola oil, corn oil, and other vegetable oils. We did not ask about intake of most of these foods on our questionnaire.
We were also unable to adjust our findings for energy or fat intake, because we had collected dietary information related only to vitamins A and C. Researchers in some previous studies adjusted for energy or fat intake in their vitamin analysis (14, 17-19, 22, 25, 29, 30, 32-34) . Energy adjustment, in general, reduces measurement error for all nutrients in food frequency questionnaire data (44) .
We analyzed men and women separately. We did this for comparison with other studies reporting sex-specific results, because of differences between men and women in baseline characteristics and mortality rates, and due to the possibility of differential accuracy of self-reported dietary information between men and women (44) . Men tend to underreport their dietary intake when it is ascertained through a food frequency questionnaire (45) . Women might recall dietary habits better, on average, than men, given their traditional role in buying food and preparing meals. With our inability to adjust for energy intake, this appeared to be particularly important. Additionally, men might have undergone greater dietary changes following retirement in comparison with women, and thus we were unable to capture "true" long-term exposure status in men (46) .
Our study had the advantages of a prospective design, a large size, long and essentially complete follow-up, detailed dosage information on both dietary and supplemental intakes of vitamins A, C, and E, and the capability to control for numerous potentially confounding factors. Still, our investigation is an observational study, not a randomized trial. It does, however, suggest that confounders might account for the positive associations between vitamin intake and lower risk of death in some previous prospective studies. In the general population, health-promoting habits often cluster, resulting in 2 extreme groups: the health-conscious, who have multiple health-promoting habits, and those with no such habits. For example, persons taking vitamin supplements may differ from nonusers in terms of their smoking, exercise habits, and medical history, as well as in unmeasured ways that influence longevity, leading to apparently inverse associations with total mortality rate.
Conclusions
Results observed in this large cohort study with long follow-up are not consistent with any substantial relationship between antioxidant vitamin intake (supplemental, dietary, or total) and mortality. Based on existing evidence, we see no justification for the general and widespread intake of supplemental vitamins A, C, and E to increase longevity among persons with a nutritionally adequate diet.
